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INTRODUCTION 
Farmers of the Yaqui Valley in Sonora, Mexico planted only an 
insignificant amount of cotton before 1949; in five years cotton changed 
from a role of minor importance to occupy more than 300,000 A. in this 
valley. However, the summer of 1955 brought conditions which indi­
cated some of the difficulties in the culture of cotton which the farmers 
of this area might expect. Frequent showers began to occur in July, 
and these continued through August and September. Much cotton was lost 
in the field, and the quality of the fiber marketed was not good. 
Many were discouraged from planting cotton in 1956, and the 
acreage was reduced from the previous year's high to a total of 80,000 
A. The sudden occurrence of severe infections of cotton rust in June of 
this year frightened the farmers of the region. They had often experi­
enced losses from leaf and stem rust of wheat, and they felt that this 
rust of cotton would spread as it normally did in wheat. Although the 
infections were concentrated along the border of the valley, it  was 
reasoned that the entire area would soon be contaminated. 
The author had been employed in 1955 by the Rockefeller Foundation 
Agricultural Program in Mexico to assist in the establishment of an 
Agricultural Experiment Station in the Yaqui Valley; having had some 
previous experience with cotton diseases in general, he was asked to 
assist the local authorities in assessing the damage and dangers of this 
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newly arrived disease, and to aid in making recommendations to the 
farmers. 
After reviewing the literature concerned with cotton rust, it  became 
evident that far too little was known about this disease. Therefore, an 
investigation of the pathogen, and of means for control of the disease 
it causes, was undertaken. The results of the various studies carried 
out are reported here. 
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LITERATURE REVIEW 
Distribution and Economic Importance of Cotton Rust 
The earliest record of an aecial rust on cotton was a collection 
made in 1893 at San Jose de Cabos, Baja California, Mexico (Ellis and 
Everhart, 1897). A second and third collection were made at Tlahualilo, 
Coahuila, Mexico, and at Falfurrias, Texas in 1907 and 1909 respectively 
(Taubenhaus, 1917). No mention of crop losses were made in these cases. 
However, a serious outbreak of cotton rust occurred in the Lower Rio 
Grande Valley in 1917 when several hundred acres were affected according 
to Taubenhaus (1917). The disease was not reported again until 1923, 
this time in Arizona. Observers there suggested that this was perhaps 
the first occurrence of cotton rust in Arizona (Brown and Gibson, 1923). 
Cotton rust has become continually more prevalent in Arizona since that 
outbreak in 1923; in 1930 some valleys in Southern Arizona suffered 
heavy losses from rust, and this was repeated in 1940; between 1952 
and 1956 significant losses were registered every year (Brown and 
Streets, 1934; Presley, 1942; and Cotton Disease Council,  1956 and 1957). 
Texas, where the first disease losses were recorded, has not 
reported cotton rust in more than trace amounts since that 1917 out­
break. New Mexico, likewise, has reported only incidental infections. 
A specimen of the aecial rust on cotton was collected in the Yaqui 
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Valley, Sonora, Mexico in 1932 (de la Rosa, 1956). It was not observed 
again in the Yaqui Valley until 1956 when it hit in epiphytotic proportions. 
The disease was prevalent throughout the cotton growing valleys of 
Sonora in 1956; in 1957 it was again present in most cotton areas of 
Sonora, but in very limited amounts (personal observations). 
Actual disease losses are frequently difficult to determine. Signifi­
cant losses were reported from Texas in 1917 (Taubenhaus, 1917); from 
Arizona severe losses were reported in 1923, losses as high as 75% in 
1930, and heavy losses in 1940 (Brown and Gibson, 1923; Brown and 
Streets, 1934; and Presley and King, 1943). Estimates of total crop 
percentage losses for the State of Arizona were 0. 5%, 0. 13% and 0. 10% for 
the years 1955, 1956 and 1957 respectively (Cotton Disease Council,  
1956, 1957 and 1958). 
Alternate Hosts 
The search for the telial host of cotton rust was probably lead 
astray because it was felt this rust was related to Puccinia schedonnardi 
Kellerm. and Sev. which occurs on other members of the family 
Malvaceae. Arthur suggested to Taubenhaus that he look for the telial 
stage on grasses in the genera Muhlenbergia and Sporobolus. Grasses 
in these two genera were never found in the vicinity of infected cotton, 
according to Taubenhaus (1917), while numerous other grasses were 
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present which were affected by various rusts. Early investigators in 
Arizona also sought the telial stage on grasses of Muhlenbergia and 
Sporobolus (Brown and Streets, 1934). 
Grama grasses (Bouteloua species) often were observed to be 
associated with rusted cotton in the 1940 Arizona epiphytotic (Presley, 
1942). It was noted that grama grass near the cotton fields was heavily 
rusted with uredia, and later telia; and that the severity of infection on 
the grass decreased as the distance from cotton increased. Cotton seed­
lings inoculated by suspending grass with teliospores above them in a 
moist chamber produced typical aecial pustules; and inoculation of grama 
grass with aeciospores from these infections produced typical uredia and 
telia. Thus it  was established that Bouteloua species were active telial 
hosts for the cotton rust fungus. Attempts to infect species of Muhlen­
bergia and Sporobolus by inoculation with aeciospores were negative 
(Presley and King, 1943). 
Infection Studies 
Five species of Bouteloua, _B. aristidoides (H. B. K. ) Griseb. ,  B. 
barbata Lag. ,  B. gracilis (H. B. K. )Lag. ,  B. rothrockii Vasey and B. 
curtipendula (Michx) Torr. ,  all common in the Southwest, were 
successfully infected with aeciospores from cotton (Presley and King, 
1943). All of the above species were highly susceptible excepting B. 
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curtipendula which was considered only mildly susceptible. Attempts to 
infect 17 species of grass outside the genus Bouteloua were all negative. 
The aecial host range was found to be as restricted as the telial 
host range. Attempts to infect species outside the genus Gossypium with 
basidiospores always failed (Presley and King, 1943). Variation among 
species in the genus Gossypium ranged from highly resistant to highly 
susceptible. All American cultivated varieties tested (representing G. 
hirsutum L. and G. barbadense L. ) were highly susceptible. Varieties 
from the Asiatic tree cotton (G. arboreum L. ) varied from highly 
resistant to mildly susceptible. Nine wild Gossypium species with 
representatives from Asia, Africa, Australia, Pacific Islands and North 
America were all rated mildly susceptible except G. thurberi; this 
species from the Southwestern United States was considered highly sus­
ceptible. 
Relative susceptibility was found difficult to measure with artificial 
inoculation (Presley and King, 1943); the variation resulted from diffi­
culty in controlling the number of sporidia which fell and germinated on 
a particular surface. Natural infection in experimental plots in Arizona 
was so erratic as to be unsatisfactory for critical studies (Berkenkamp 
and Streets, 1957). 
Teliospores were found to germinate only after being thoroughly wet 
or when exposed to humidities of 100% at 20° C. (Berkenkamp and Streets, 
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1957); they were seen to begin germination after only seven hours wetting 
at room temperature.. Twenty-four hours of high humidity were suffi­
cient for infection of the cotton leaf in the greenhouse. 
Taxonomy of the Cotton Rust Fungus 
The cotton rust fungus was first described from the collection made 
in Baja California in 1893 as Aecidium gossypii by Ellis and Everhart 
(1897). Arthur considered A. gossypii to be synonymous with Puccinia 
schedonnardi Kellerm. and Sev. ,  and so listed it in his manual of rusts 
(Arthur, 1934). 
The connection of the aecial rust on cotton with a telial rust on 
Bouteloua species (Presley, 1942) made it necessary to revise the 
taxonomy of the fungus. At this time three Puccinia species on grama 
grasses had been described; the cotton rust was found to differ fzo m all 
the others on Bouteloua species in having three equatorial pores in the 
urediospore; the other rusts had urediospores which varied from four to 
eight scattered pores. Presley felt that this was a new species and 
described it as Puccinia stakmanii (Presley and King, 1943). 
The rusts parasitizing grasses of the tribe Chlorideae were recently 
reworked by Hennen and Cummins (1956). This treatment was based 
entirely upon a morphological definition of. species, and only uredia and 
telial were considered. Four species (Puccinia cacabata Arth. and Holw. ,  
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Uredo chloridis-berroi Speg. ,  Puccinia stakmanii Presley, Uredo 
chloridis-polydactylidis Viegas) all having the rather unique character of 
three equatorial pores in the urediospore were compared. No morpho­
logical basis was found for separating these species, and it was recom­
mended that all be considered Puccinia cacabata. 
Puccinia cacabata was collected in Bolivia on Chloris ciliata Swartz; 
no aecial stage was found (Arthur, 1925). Uredo chloridis-berroi was 
collected in Argentina on Chloris Berroi Arech; no aecial stage was found. 
Uredo chloridis-polydactylidis was collected in Brazil; and no aecial stage 
was found (Viegas, 1945). Only Puccinia stakmanii, the cotton rust 
fungus, has a known aecial stage. No attempts at cross inoculation with 
these fungi have been reported. 
Puccinia stakmanii has become rather firmly entrenched in patho­
logical literature and texts; and until such time that the rust on cotton 
is shown to be transferable to Chloris species, this name should be 
followed. 
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MATERIALS AND METHODS 
Materials 
Fungicides 
The fungicide materials used in the field studies made in the Yaqui 
Valley during the summer of 1957 were obtained by the author from 
three sources. Six experimental materials designated as CP-9624, 
CP-8621, CP-9425, CP-10512 and CP-10616 were contributed by 
Monsanto Chemical Company, St. Louis, Missouri; seven actidione 
formulations designated as Actidione, Actidione O, Actidione A, 
Actidione S, Actidione M, Actidione T and Semicarbazone were contrib­
uted by the Upjohn Company, Kalamazoo, Michigan; and the remaining 
ten materials designated as Zerlate, Fermate, Manzate, Calcium 
Sulfamate, A-669 (experimental), A-670 ( experimental), C-382 (experi­
mental), C-484 (experimental), Isopropyl n-phenyl carbamate and Sulfur 
were on hand at the Oficina de Estudios Especiales in Mexico City, 
Mexico. These latter materials were assigned to the author by Dr. 
Norman E. Borlaug of the Rockefeller Foundation Agricultural Program 
in Mexico. 
Seed sources 
Seed of twelve Gossypium species was obtained from the Field Crops 
Research Branch, Agricultural Research Service of the United States 
Department of Agriculture. The seed lots were designated as G. arboreum 
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var. Neglectum forma burmanicum, G. herbaceum A- 3G. anomalum, 
G. aridum, G. armourianum, G. davidsonii,  G. gossypoides, G. 
harknesii,  G. klotzschianum, G. raimondii, G. stocksii and G. thurberi. 
Seed of G. barbadense varieties Pima 32 and Pima S-1, and G. hirsutum 
varieties Acala 1517C, Deltapine 15, Empire WR, Stoneville 2B, Pay­
master 54B, Delfos 9169 and Lankart 57 were obtained from the Depart­
ment of Agricultural Services, New Mexico State College, New Mexico; 
the strain designated here G. hir sutum var. Tampico was collected by 
the author near Tampico in the State of Vera Cruz, Mexico. 
Seed of Bouteloua aristidoides, B. barbata, and Cathestecum erectum 
were brought from the Yaqui Valley in Sonora, Mexico; a collection of 
B. aristidoides and B. barbata from Las Cruces, New Mexico was sent 
to the author by the Department of Agricultural Services, New Mexico 
State College, New Mexico. 
Cotton rust inoculum 
The telial inoculum used to initiate the greenhouse studies reported 
in this study was brought to Ames from the Yaqui Valley in the fall of 
1956. This inoculum was produced from natural infection of grama grass 
in the vicinity of Ciudad Obregon, Sonora during the summer of 1956. A 
second lot of telial inoculum was brought from the same general vicinity 
in the summer of 1957; the only essential difference between the first 
and the second lot of inoculum was that the latter had overwintered in the 
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field. In both cases the material was collected as short pieces of grass 
culms which would fit conveniently into a regular letter envelope. Any 
other telial inoculum used in this study came indirectly from the above 
two collections through reproduction, in the greenhouse at Ames, Iowa. 
Aeciospores and urediospores originating in the Yaqui Valley were 
used in this study only to determine their longevity under field conditions. 
All aeciospores and urediospores used in the laboratory and greenhouse 
studies at Ames were produced in the greenhouse, and stem from the 
first lot of telial inoculum referred to in the previous paragraph. 
Methods 
The majority of the methods used in this study are standard pro­
cedures and need no detailed description. However, a limited number 
were considered sufficiently unique or uncommon as to warrant some 
elaboration. 
Inoculation of cotton in the field 
The principal concern in field inoculation of cotton with cotton rust 
was the creation of a local environment favorable for infection. Large 
portable moist chambers were used to produce these conditions in the 
infection experiments carried out in the Yaqui Valley during the summer 
of 1957. The free area inside a chamber was 3 x 2. 5 x 1 meters; the 
plot which could be covered was three rows three meters long. 
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The frame of the chamber was constructed of quarter inch wooden 
lath. All laths were cut in such a way that when they were put together 
they extended beyond the desired free area an extra 20 centimeters 
(Fig. I).  Cheesecloth was used to cover the framework; the cloth was 
cut at each lath joint so that the ends of the laths extended beyond the 
covering. Light gauge wire was stretched across the ends of the laths 
to form a second framework 20 centimeters above and out from the first.  
A layer of cheesecloth was placed over this second framework only on 
the top; around the sides heavy cardboard was used. Three strips of 
chicken wire (approximately 50 cm. wide by 3 m. long) were placed 
on the inside so they would be directly above the rows of cotton when the 
chamber was in position. 
The inoculation procedure was begun by pre-wetting the inoculum 
(grass straw containing teliospores) for 24 hours. The chamber was 
then placed over the indicated plot and the wet inoculum spread evenly 
over the chicken wire. Strips of heavy burlap which had been thoroughly 
wet were put on top of the inoculum to act as a moisture reservoir. A 
Hudson knapsack sprayer was used periodically to create a saturated 
atmosphere within the chamber, and to wet the cotton foliage (Fig. 2). 
The chamber was left over a particular plot 12, 24, or 36 hours, 
depending on the degree of infection wanted. Freshly prepared inoculum 
was used for each plot that was treated. 
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Inoculation of Gossypium species in the greenhouse 
The first inoculations of cotton plants in the greenhouse were made 
in a small plastic covered chamber; the inoculum was spread on a wire 
screen above the plants much as it was in the field inoculations. This 
system was not satisfactory for studying comparative susceptibility as 
was shown by the variation in infection of plants known to be equally 
susceptible. 
Single-leaf inoculation chambers (Fig. 3) were designed so that the 
discharged basidiospores were certain to fall on the leaf chosen for 
infection. The chamber was made from the following articles: a 120 
mm. plastic petri dish, a plastic cylinder three inches high and of such 
a diameter that one end fitted into the top of the petri dish and the other 
end into the bottom of the dish, one nylon hair net, three 12. 5 cm. filter 
discs, and one small beaker. The chamber was assembled as follows: 
the straw pieces containing teliospores were placed on a filter disc in 
the bottom of the petri dish (Fig. 4), the hair net was extended over the 
dish and inoculum, a folded filter disc was placed so that one end rested 
across the edge of the dish, and the plastic cylinder was then pressed 
into the bottom half of the petri plate. The lid of the petri dish (with a 
filter disc) was then arranged on a tripod support under the leaf so that 
the leaf blade lay flat and extended. The section of the chamber con­
taining the inoculum was then inverted over the leaf so that the petiole 
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fitted into a notch cut in the cylinder (Fig. 4), and then the cylinder was 
près sad down into the lid of the petri dish. The beaker was attached to 
a bamboo stick with a rubber band, filled with water and placed so as to 
form a reservoir of water for the filter paper wick; the wick in turn kept 
the inoculum in the top of the chamber from drying. A tiny hole was 
punched in the side of the plastic cylinder opposite the wick; water was 
atomized into the chamber through this hole to provide surface moisture 
on the leaf, and to saturate the atmosphere within the chamber. 
A modification of the single-leaf inoculation chamber was used to 
study basidiospore discharge. Ordinary 90 mm. pyrex petri dishes 
were used in place of the larger plastic dishes. A thin layer of water 
agar was poured into the bottom half of the dish; the telial material was 
arranged on a filter disc in the top of the dish and the hair net and wick 
put in place as in the leaf chamber; the bottom of the dish was then 
inverted over the teliospores and lowered into the top section of the 
dish. The entire chamber was inverted and located so that the end of the 
filter paper wick extended into a small beaker of water. The bottom 
half of the dish was replaced with another containing fresh agar s imply 
by inverting the chamber, lifting out the bottom section and replacing it 
with another. 
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Film impression method for studying germ tube penetration of leaf 
surface 
A cellulose acetate-film impression technique described by Peter­
sen (1956) was used with modifications to study basidiospore germ tube 
penetration of the cotton leaf, and urediospore and aeciospore germ 
tube penetration of grama grass leaves. 
The solvent for the cellulose acetate which Petersen used was not 
indicated in his description of this technique. Glacial acetic acid and 
acetone were both tried in this study. Cellulose acetate was sufficiently 
soluble in either of these materials, but difficulty was encountered in 
keeping the film from drying too fast once it  was applied to the leaf. 
Fast drying caused the film to crystallize and become opaque. It was 
found that by saturating a small amount of glacial acetic acid with 
cellulose acetate and then thinning this solution to the desired viscosity 
with acetone, the problem of quick drying and crystallization of the film 
was completely eliminated. 
Preparation of the previously inoculated leaves was as follows: 
they were detached and the petioles sealed in a small vial of water with 
plastic; the blades were then extended on a flat surface and attached with 
scotch tape. A water solution of cotton blue was sprayed over the leaf 
surface, and the excees moisture was allowed to evaporate before the 
cellulose acetate was applied. 
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A small atomizer sprayer (hand made) connected to an air pressure 
line was used to apply the acetate solution over the leaf surface; the 
first coat was normally thickened with a second some 45 to 60 minutes 
after the first had been applied. The leaves were cut free from the 
petioles at this stage to allow the tissues and the film to dry down. After 
one to several hours'  drying the film was stripped from the leaf and 
inverted on a microscope slide for study. The film carried with it  the 
spores, germ tubes and an exact impression of the leaf surface, all of 
which could be easily studied under the microscope. 
s. 1 and 2. Field inoculation with cotton rust. (1) Frame and 
inside covering of large (3 x 2. 5 x 1 meter), portable moist 
chamber. (2) Application of fog-spray in operating chamber. 
s.  3 and 4. Single-leaf inoculation with cotton rust in the greenhous 
(3) Inoculation chamber in operation. (4) Top of chamber 
removed to show telial inoculum, hair net which holds inoculum 
in place, and notch for leaf petiole (center left).  
g 
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FIELD OBSERVATIONS ON NATURALLY OCCURRING DISEASE 
Summer Epiphytotic of 1956 
An extensive survey of the Yaqui Valley was made following the out­
break of cotton rust in the summer of 1956. The survey was concerned 
principally with determining the extent of the infection on the cotton in 
the valley, and with determining the source of telial inoculum. 
Extent of rust infection on cotton in the Yaqui Valley 
Each cotton field in the valley was visited and rated as to the degree 
of rust infection which had occurred. Ratings of heavy, medium, light 
and trace to zero were assigned, based on the following: 
Heavy - all leaves infected with several to many pustules. 
Medium - most leaves infected with few to several pustules. 
Light -  few to several leaves infected with few pustules. 
Trace to zero - pustules in amounts trace to zero. 
The rating for each field was indicated on a map of the valley; after 
completing the survey, the total number of acres in each infection class 
was computed. Fig. 5 shows the infection zones, and below are listed 
the computed acres for each category: 
Zone I - heavy infection - 5,000 A. 
Zone II -  medium infection - 7, 500 A. 
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Zone III -  light infection 6, 250 A. 
Zone IV - trace to zero infection 61,250 A. 
Total 80,000 A. 
The 5,000 acres in Zone I suffered the severest damage as a result 
of the disease epiphytotic. Zone II was proportionately less affected; 
and Zone III probably was not significantly affected. The distance 
separating each zone from the main source of inoculum is approximately 
as follows: 
Zone I, 0 to 6 kilometers (0 to 3. 6 miles) 
Zone II, 4 to 10 kilometers (2. 4 to 6 miles) 
Zone III, 9 to 14 kilometers (5. 4 to 8. 4 miles) 
Zone IV, beyond 14 kilometers (beyond 8. 4 miles) 
These zones are, of course, artificial; there is no definite break 
between one area and the next. However, as each field was rated it did 
form a consistent pattern and can serve as a very useful guide to indicate 
those areas which are most disposed to damage in the future. 
Approximately five weeks after the initial infection occurred, the 
pustules seemed to have reached their maximum development. By this 
time many of the more heavily infected leaves were entirely non-functional. 
These leaves tended to fold, but they remained attached to the plant for 
several weeks. In most cases where the plants were in a vigorous state 
of growth, new leaves developed fast enough to prevent extensive damage 
5. Plan of Yaqui Valley showing infection zones I (heavy), 
II (medium), III (light) and IV (trace to none) ;  also indi­
cating the general area in which the telial inoculum 
developed. 
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to the plants. However, some fields, particularly those bordering 
uncleared terrain, made little regrowth and considerable damage resulted. 
The actual losses caused by the rust organism were difficult to 
determine. Some fields were almost total failures; but the majority of 
such fields were not well tended. The relatively poor soil in most of 
that area along the margin of the valley tended to exaggerate the losses 
from rust infection. Cotton plants in these soils failed to respond with 
new growth and new fruit set as they did in stronger soils. A few farmers 
plowed their fields without waiting to pick the cotton; possibly with the 
idea of collecting more from insurance than the field was worth before 
the disease hit.  These data indicated that experiments designed to 
measure the potential destructiveness of the cotton rust disease were 
needed. 
Source of telial inoculum 
Species of Bouteloua (grama grasses) are the telial hosts for cotton 
rust in Arizona, as established by Presley (1942); therefore it  was 
assumed that the same or related grasses were involved in Sonora. 
A survey of the Yaqui Valley and surrounding parts showed that 
grama grasses were generally restricted to areas outside the cultivated 
perimeter. They were most abundant on terrain which bordered the 
river and supply canals leading into the valley (Fig. 5 ).  This terrain 
was somewhat broken, light and sandy to rocky. A few fields of rather 
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rough land within the cultivated margin were still  uncleared; these fields 
nearly always were found to have grama grass. The proximity of cotton 
plantings to such areas very noticeably increased the incidence of disease 
on the cotton. The few cases of grass growing within the cultivated fields 
were restricted to lighter soils which had been cultivated only one to three 
years. No evidence was seen to indicate that grass in the field increased 
the disease on cotton; the reason being that any telial inoculum produced 
the previous year was turned under when the seed bed was prepared. 
In July, at the time of the survey, young grama grass seedlings from 
recently emerged to early flowering stages were in abundance. These 
seedlings were not as yet infected, but were good indicators of where to 
find the dry stems of the previous year's growth. Such stems were 
generally abundant in the same area and were normally heavily covered 
with black telial pustules; these latter being the actual source of inoculum 
for the infections which had recently occurred. 
Three species of grass, Bouteloua aristidoides (H. B. K. ) Griseb. ,  
Bouteloua barbata Lag. (Bouteloua arenosa Vasey) and Cathestecum 
erectum Vasey and Hack, were suspected as being involved in the epi-
phytology of cotton rust in the Yaqui Valley. 
B. aristidoides was found in the drier less fertile areas. Although 
this species is small and never develops dense growth, its general 
distribution and high susceptibility seemed to make it the most important 
25  
grass in the disease complex. 
B. barbata was found in lower places where the soil was more 
fertile and moisture more abundant. The culms of this plant generally 
reach 50 to 60 cm. in height and were frequently lined with large dark 
telial pustules for their entire length. Although the large amount of stem 
material plus high susceptibility permit a single plant of this species to 
contribute a considerable amount of inoculum, its restriction to the more 
fertile, moist places tended to reduce its importance as a host below that 
of B. aristidoides. This grass was the one more often found in cultivated 
fields. 
Cathestecum erectum is in a genus closely related to Bouteloua. This 
grass was often found in very sandy, rocky places and frequently asso­
ciated with B. aristidoides. It generally had a limited number of rust 
pustules and was suspected as a minor host. 
Infection of the current season grass did not come about until after 
the aecia on the cotton had matured spores. Uredial pustules appeared 
both on the leaves and stems of the grass hosts. Teliospores soon became 
evident in the same pustules which produced urediospores, particularly 
on the stems. The leaves were very evanescent, drying early and falling 
to the ground. 
Local Infections 
A few localized outbreaks of cotton rust occurred along the western 
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perimeter of the valley near the sea. In this area wind deposits of sand 
and silt have built up dunes which divide the land into small valleys. 
The inoculum which caused these local infections was produced on the 
undisturbed slopes of these dunes. A considerable amount of both B. 
barbata and B. aristidoides was present here, and very dense growth of 
these grasses occurred along the field canals which by necessity were 
built at the base of the dunes. The old grass from the previous year was 
very heavily infected with rust. 
The local nature of these outbreaks made it easy to follow the infec­
tion pattern and effect of the wind on spore distribution. Fig. 6 shows 
the situation as it occurred in one field. This was an isolated cotton 
planting located between two hills, the slopes of which actually projected 
into the field. A third hill bordered on the southwest. The hill on the 
east had only a limited amount of telial inoculum, the hill on the west 
nad abundant inoculum and third had no discernible inoculum. In spite of 
this it was only the inoculum on the east hill that contributed to infection 
in the field. 
The pattern of infection was tongue shaped and extended out into the 
field approximately 500 meters. There was a gradual decline of the 
intensity of infection from the base of the hill to the outermost extension 
of the tongue. 
The wind at this location normally blows from the southwest during 
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the day with a shift to the east after midnight and through the early 
morning hours. However, on rainy or stormy occasions it most 
commonly blows from the east regardless of the time of day. The 
distance the basidiospores were carried would indicate a very gentle 
breeze, such as would occur in the early morning hours. There must 
have been a period preceding infection of rainy, cloudy weather suffi­
cient to wet and germinate the teliospores. 
Infections Following Irrigation 
Two reports of rust on cotton in the Yaqui Valley were made in June 
of 1957. It was found on inspection that there were pustules of two 
different sizes and stages of development indicating infection on two 
occasions. In one case the pustules were approximately one-fourth inch 
in diameter and contained well developed aecia. The pustules in the 
second case were only about one-eighth inch in diameter with active 
pycnia on both surfaces, and. evidence of developing aecia. The dates of 
infection were estimated by the development of the pustules to be between 
25 and 30 days in the first case and 12 to 15 days in the second. The 
summer rains had not yet begun and no trace of precipitation had been 
recorded by the weather station. Checking the schedule of irrigations 
showed that this field had, in fact, been irrigated 28 days and again 14 
days before the date of this inspection. 
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Dry grass stems from the previous year, heavily infected with 
telial pustules, were found in the field. However, they were only found 
along the unworked irrigation borders and permanent field canals. New 
grama grass, as yet noninfected, grew in the field among the cotton 
plants. Undoubtedly these same species grew here the previous year but 
were destroyed with the preparation of the seed bed. 
The diseased area was at the lower end of the field where irrigation 
water remained standing for some hours longer than in the rest of the 
field. The telial material along the field canals and irrigation borders 
was wet sufficiently and for long enough time to germinate and produce 
basidiospores; night time humidities were high enough so that some 
basidiospores could infect the cotton plants. 
Minor infections were encountered later in the summer in another 
part of the valley; these were found along a field canal in the upper part 
of the field. Water ran almost continuously in this canal, as it fed water 
to all other parts of the farm, and water requirements were high at this 
time of year. There was considerable telial material on dead grass 
culms laying on the canal bank; since the water was running high in the 
canal this telial material was well wet. Light summer showers had 
begun to occur once or twice weekly in the late afternoon hours. It 
appeared that some infection was taking place after each shower. The 
moisture provided by the rain made the leaves susceptible to infection by 
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basidiospores that were being produced continuously along the canal bank. 
Observations in these fields substantiated that irrigation can create 
conditions which will support infection of cotton by P. stakmanii. Appar­
ently the disease that occurs in these cases does not cause significant 
yield losses. However, infections of this nature might play an important 
role in keeping the rust continually present so that inoculum would be 
certain to build up when favorable conditions prevailed. 
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EXPERIMENTAL RESULTS 
Field Studies in the Summer of 1957 
Field studies were set up in the Yaqui Valley during the summer of 
1957 to collect data related to (1) the potential of the cotton rust organism 
to cause actual yield losses, (2) fungicidal control for the disease on 
cotton, and (3) the phytotoxicity of a number of fungicides to the cotton 
plant. The experiment on fungicidal control was to be located in that 
section of the valley where heavy natural infection would be expected, and 
the other two where natural infection would be inconsequential. However, 
since natural infection did not occur it was necessary to reduce the fungi­
cidal control experiment and use artificially produced disease. 
Disease potential measured by seed cotton losses 
Significant seed cotton losses were shown in an experiment using 
artificially produced disease. This test was set up with plots 3 meters 
long and 3 rows wide. Large portable moist chambers (described in 
Materials and Methods) were used to bring about infection. The 
inoculum, telia on the native grass host, was suspended in the top of 
the chamber in such a manner that it was directly above the rows of 
cotton. Moisture was maintained by spraying a mist into the chamber 
seven times during the day (at 6, 8, 10, 12, 14, 16 and 18 hours). The 
degree of infection was regulated by the number of hours the chamber 
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was left on the plot. Heavy infection plots were exposed 36 hours, 
medium infection 24 hours, and light infection plots 12 hours; the control 
plots were not covered at any time. Tables 1 and 2 summarize the 
results of this experiment. 
Table 1. Effect of P. stakmanii on yield of seed cotton 
Seed cotton per plot Tons per 
Treatments Rep I Rep II Rep III Rep IV Mean hectare 
kg- kg- kg- kg- kg-
Control 1. 50 1. 85 1 .89* 2. 20 1 .  86 2. 247 
Light inf. 1. 45 1. 85 1 . 65 2. 35 1 . 82 2. 198 
Medium inf. 1. 45 1. 25 1 . 45 1.70 1 .46 1. 776 
Heavy inf. 1. 20 0 .  75 1 .  40 1. 20 1 .  14 1 .  377 
^Estimated yield for missing plot using Yates' formula (Snedecor, 
1946) 
Table 2. Analysis of variance for effect of P. stakmanii on yield 
Variation Degrees of Sum of Mean F 
due to freedom squares square 
Replications 3 0.5349 0.178 2.919 
Treatments 3 1.3909 0.464 7. 6O7^ 
Error 9-1 2  0.4876 0.061 
Total 15- la  
Exceeds the 1% level of significance 
aLess one degree of freedom for estimated plot yield 
The analysis of the data in Table 2 indicates a highly significant 
difference between treatments. This significance resulted only from 
the two heavier infection treatments. The actual yield losses in per­
centages were 39 and 21 per cent, respectively, for the heavy and 
medium infection. Certainly this is considerable, and is positive evi­
dence for the potential destructiveness of the cotton rust organism. 
Even though it was possible to realize heavy infection by artificial inocu­
lation, the development of the disease was not as rapid and virulent as 
was observed to be the case in the previous year. This is thought to be 
a result of less favorable weather conditions. More discussion on this 
point will be made in the section of discussion and conclusions. Much 
more severe losses should occur when all conditions are favorable. 
Phytotoxicity of a number of commercial and experimental fungicides 
to cotton 
Twenty-three fungicidal materials ( used at recommended dosages, 
where available) showed no significant phytotoxicity to cotton. The expei 
mental design was a split-plot design with fungicides as whole plots and 
dosages as sub-plots. Each sub-plot consisted of two rows 10 meters 
long, and there were four replications of each. Two applications of the 
fungicides were made, the second eight days after the first. The cotton 
was approximately ten weeks old and beginning to set fruit. The results 
of this experiment are summarized in Tables 3 and 4. 
Table 3. Phytotoxicity of 23 fungicidal materials to ten week old cotton, measured in seed cotton 
yields 
Fungicides, concentration Dilution before Visual Seed cotton, Mean for 
and manufacturers application injury kg. per plota  fungicides 
Zerlate, 70% 1 lb. per 100 gal. none 3. 912 3#  993 DuPont 2 lbs. per 100 gal. none 4. 075 
Fermate 1 lb. per 100 gal. none 3. 687 
750 DuPont 2 lbs. per 100 gal. none 3. 812 3. 
Manzate, 70% 1 lb. per 100 gal. none 4. 137 
3 .  981 
DuPont 2 lbs. per 100 gal. none 3. 825 
Calcium Sulfamate, 15% 1 lb. per 100 gal. none 4. 327 
331 DuPont 2 lbs. per 100 gal. none 4. 425 4. 
A-669, (experimental) 1 lb. per 100 gal. light^ 3. 712 
3 .  793 
Pittsburg Plate Gass. 2 lbs. per 100 gal. medium'3  3. 875 
A-670, (experimental) 1 lb. per 100 gal. medium^ 3. 737 
3 .  443 
Pittsburg Plate Gass. 2 lbs. per 100 gal. heavy*3  3. 150 
C- 382, (experimental) 1 lb. per 100 gal. lightb  4. 450 
425 Pittsburg Plate Gass. 2 lbs. per 100 gal. medium^3  4. 400 4. 
C-484, (experimental) 1 lb. per 100 gal. light*3  3. 912 
806 Pittsburg Plate Gass. 2 lbs. per 100 gal. light*5  3. 700 3. 
Isopropyl n-phenyl carbamate, 1 lb. per 100 gal. none 3. 725 
4. 050 (experimental) Dow 2 lbs. per 100 gal. none 4. 375 
CP-9624, 4 lbs. /gal. 1 qt. in 30 gal. H^O none 3. 912 
4. 275 Monsanto 2 qts. in 30 gal. H2O none 4. 637 
CP-8525, 4 lbs. /gal. 1 qt. in 30 gal. H%0 lightc  3. 637 
"2 956 Monsanto 2 qts. in 30 gal. H2O lightc  4. 275 J  •  
aPlots 10 meters long by 2 meters wide 
kTypical burn, particularly where droplets gathered in concave of leaf 
c  Yellowing and slight mottling of the leaf 
Table 3. (continued) 
Fungicides, concentration Dilution before Visual Seed cotton, 
and manufacturers application injury kg. per plot 
CP-8621, 4 lbs. gal. 1 qt. in 30 gal. h2o none 3. 787 
Monsanto 2 qts.in 30 gal. h2o none 3. 912 
CP-9425, 1 lb. /gal. 1 qt. in 30 gal. h2o lightc  3. 887 
Monsanto 2 qts.in 30 gal. h2o lightc  3. 875 
CP- 10512, 4 lbs. /gal. 1 qt. in 30 gal. h2o light0  3. 887 
Monsanto 2 qts. in 30 gal. h2o lightc  4. 200 
CP-10616, 4 lbs. /gal. 1 qt. in 30 gal. h2o none 3. 862 
Monsanto 2 qts.in 30 gal. h2o none 3. 725 
Semicarbazone, 3 1/3% 150 p. p. m. none 4. 462 
Upjohn 75 p.p. m. light1* 3. 187 
Actidione, 2/3% 20 p.p. m. medium^ 3. 850 
Upjohn 10 p.p. m. heavy** 3. 275 
Actidione O, 8% 130 p.p. m. lights- 4. 237 
Upjohn 65 p. p. m. medium1* 4. 212 
Actidione A, 8% 1 30 p. p. m. lightd  3. 775 
Upjohn 65 p. p. m. medium 3. 950 
Actidione S, 8% 130 p. p. m. medium** 3. 650 
Upjohn 65 p.p. m. heavy** 3. 587 
Actidione M, 8% 130 p. p. m. lightd  3. 737 
Upj ohn 65 p.p. m. medium 3. 337 
Actidione T, 8% 1 30 p.p. m. lightd  4. 137 
Upj ohn 65 p. p. m. lightd  3. 887 
Sulfur, 75% 30 lbs. per A. none 4. 137 
(commercial) 15 lbs. per A. none 4. 012 
Control - — none 
none 
4. 050 
4. 250 
Mean for 
fungicides 
3. 850 
3. 881 
4. 043 
3. 793 
3. 825 
3. 562 
4. 225 
3. 862 
3. 618 
3. 537 
4. 012 
4. 075 
4. 150 
d 
Reddening of leaf veins and bleaching of inter-vein tissues 
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Table 4. Analysis of variance of fungicide phytotoxicity on ten week old 
cotton 
Variation due to: Degrees of 
freedom 
Sum of 
squares 
Mean 
square 
F 
Replications 3 1. 12 0 .  373 0. . 95 
Treatments 23 11. 63 0 .  506 1. 29 
Error a 69 27. 13 0 .  393 
Main plot totals 95 39. 88 
Dosages 1 
<N O
 
O
 0  .  0 20 0. 08 
Treatment x dosage 23 8. 68 0 .  377 1. 51 
Error b 72 18. 10 0 .  251 
Total 191 66. 68 
Some of the fungicides used in this test caused slight to moderately 
severe leaf injury immediately following their application. The injury 
was noticeably of three different types: (1) typical leaf burning, (2) 
slight yellowing and mottling of the leaves, and (3) reddening of the leaf 
veins, with a bleaching of the inter-vein tissue. Generally the damaged 
leaves were those on the upper part of the plant where they tended to get 
the heaviest dosage. 
The yield data (Table 3) indicate that the application of these fungi­
cides had little, if any, effect on the quantity of seed cotton produced. 
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The analysis of variance (Table 4) indicates that any variation of the 
treated plots from that of the control is not significant. The data from 
this experiment should be of value in helping to evaluate the effect of 
these fungicides in actual disease control test. 
Post-infection fungicidal control 
Fungicides used in this experiment failed to indicate any practical 
control for the rust organism once it was established in the cotton host. 
The materials used were three experimental compounds (CP 8525, CP 
106l6 and CP 9425) from Monsanto Chemical Company and Actidione S 
(semicarbazone of cycloheximide 8%) from Upjohn Company. These 
materials were reported by their respective manufacturers to have shown 
eradicative activity against some rust organisms. Two applications 
were made; the first eight days after inoculation when pustules were 
distinctly visible, and the second eight days after the first. The data 
are summarized in Table 5. 
The data, as seen in Table 5, do not indicate any disease control. 
There, likewise, was no visible effect on the development of the organism. 
This experiment was improvised by superimposing it upon one replication 
of the disease potential test; thus having only one replication it is hardly 
conclusive. However, it does hint that post-infection control may be 
difficult to attain. These data tend to confirm the findings of the previous 
two tests where (1) significant yield losses were shown to occur with 
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Table 5. Test of selected fungicides for control of P. stakmanii on cotton, 
measured in grams of seed cotton per plota  
Infection Dosage Fungicide 
Fungicide Dosage Heavy Medium Light None means means 
K gms. gms. gms. gms. gms. gms. 
O 423 420 334 580 439.25 
CP 8525 AC 372 412 500 578 465.50 445.63 
Bd  482 273 444 504 425. 75 
O 532 496 521 602 537.75 
CP 10616 A 438 482 467 562 487.25 50 2 50 
B 507 467 495 602 517. 75 
O 524 492 521 635 543. 00 
CP 9425 A 530 415 482 479 476. 50 462 63 
B 291 479 440 585 448.75 
O 391 445 521 485 460.50 
Actidione S A 337 463 359 630 447.25 
492. 25 B 385 555 581 628 537. 25 
Infection means 434.33 449.92 472. 08 572. 50 
aPlots 1 row by 3 meters 
^No fungicide 
CMinimum dosage recommended 
^Maximum dosage recommended 
sufficient infection, and (2) fungicides were found not to be phytotoxic at 
the dosages applied. 
Laboratory and Greenhouse Studies 
Laboratory and greenhouse experiments were designed to study the 
following aspects of the cotton rust disease: (1) host range, and host 
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susceptibility, (2) penetration and infection of the cotton host, (3) pene­
tration and infection of grass hosts, and (4) spore germination. 
Aecial hosts 
The aecial stage of P. stakmanii has been found to occur only on 
species of Gossypium (Presley, 1943). The present study was restricted 
to that genus (Table 6). It included two American tetraploid species, 
G. hirsutum and G. barbadense (true cottons); seven American diploid 
species, G. gossypioides, G. aridum, G. armourianum, G. harknesii ,  
G. davidsonii and G. thurberi (all wild species); one Polynesian diploid 
species, G. klotzschianum (wild); and four Asian-African diploid species, 
G. arboreum, G. herbaceum (true cottons), G. stocksii and G. anomalum 
(wild species). Only one variety, or collection, of each species was used 
except in the case of G. hirsutum; in this case two varieties, one a 
commercial cotton (Acala 1517C), and the other a perennial type from 
east-central Mexico, were used. 
The plants were started from seed; considerable variation was 
encountered in the ease with which the seed could be germinated, and 
of the rate the seedlings developed. Comparable plants were obtained 
by growing the seedlings in the greenhouse, transplanting them to the 
field during the summer months, and finally bringing them back into the 
greenhouse in the fall where they were inoculated. Single-leaf chambers 
described under methods were used to facilitate inoculation because of 
Table 6. Basidiospore infection of Gossypium species 
First Pustule s 
pustule, per Aecia 
Species Indigenous to:a  days sq. cm. produced 
G. hirsutum var. Acala 1517C South Mexico 8 12. 2 + 
G. hirsutum var. Tampico South Mexico 7 22. 5 + 
G. gossypioides (wild) South Mexico — - 0 
-
G. aridum (wild) Northwest Mexico 13 10. 0 + 
G. armourianum (wild) Shores and island of Gulf 10 9. 2 + 
Calif. 
G. harknessii (wild) Shores and island of Gulf 11 4. 1 
Calif. 
G. davidsonii (wild) Islands of Gulf of Calif. 13 1. 2 
G. thurberi (wild) Northwest Mexico and Arizona - - 0 -
G. barbadense var. Pima 32 South America 9 9. 5 + 
G. raimondii (wild) South America - - 0 -
G. arboreum var. Neglectum Asia and Africa - - 0 
-
G. herbaceum var. A] - 3 Asia and Africa - - 0 -
G. stocksii (wild) Asia 13 3. 2 + 
G. anomalum (wild) Africa - - 0 
-
G. klotz s chianum (wild) Galapos Islands 10 15. 7 + 
aHarlan (1939) and Hutchinson et al. (1947) 
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the size of the plants. Six leaves, two from each of three plants of each 
entrant, were used. Young leaves which were approximately fully 
developed were chosen for inoculation. 
Readings were taken on: (1) time from inoculation to appearance of 
first pustule, (2) density of pustules on the leaf (average number of 
pustules per square centimeter), and (3) whether or not the infections 
produced aecia. These data are compiled in Table 6. 
The data in Table 6 indicated the following: The two American 
species which contribute commercial cottons (G. hirsutum and G. 
barbadense) are highly susceptible to basidiospore infection from P. 
stakmanii; the two Asian species which contribute commercial cottons 
(G. arboreum and G. herbaceum) are highly resistant; and the wild species 
vary from highly susceptible to highly resistant. There is no evidence, 
considering all species tested, for a correlation between origin of 
species and susceptibility or resistance. In fact, three of the four major 
areas contributing Gossypium species, Asia-Africa, North America and 
South America, are shown to have given both susceptible and resistant 
species; the fourth, the Pacific Islands, was represented with only one 
species and it was highly susceptible. 
A second experiment designed to test commercial varieties for 
variation in susceptibility to P. stakmanii failed to show any differences. 
The varieties were chosen so that they represented a rather good 
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cros s- section of the germ plasm now used in the U. S. cotton belt. 
Varieties: Acala 1517C 
Deltapine 15 
Empire WR 
Stoneville 2B 
Paymaster 54B 
Delfos 9169 
Lanka rt 57 
Pima S-1 
The entrants all were highly susceptible and no variation could be demon­
strated. 
The results reported here do not agree entirely with those reported 
by Presley and King (1943). This does not seem too surprising. It 
might be explained on variation in the rust organism, variation in the 
hosts, or the fact that Presley and King used seedling plants while mature 
plants were used in this study. 
Telial hosts 
Seed of grasses which were suspected as telial hosts of P. stakmanii 
in Yaqui Valley were collected and brought to Ames for inoculation studies. 
They were Bouteloua aristidoides, B. barbata and Cathestecum erectum. 
Seed of the first two mentioned species were likewise obtained from 
southern New Mexico. Plants were grown from all these collections in 
43 
the greenhouse. In addition plants of B. curtipendula (Michx, ) Torr. and 
B. hirsuta Lag. growing native in Iowa were transplanted directly into 
the greenhouse. 
The infection studies on the grass hosts were made using aecio-
spores from infections on Acala 1517C produced in the greenhouse. The 
grass was wet down and then dusted heavily with aeciospores. They were 
then placed in a moist chamber for 48 hours. The first 24 hours the 
chamber was maintained with a saturated atmosphere, the last 24 hours 
the chamber was opened slightly to allow the plants to dry slowly. 
Infection ratings, reported below in Table 7, were (1) resistant when no 
pustules resulted, (2) moderately susceptible where small pustules 
formed which produced only urediospores, and (3) highly susceptible 
where the infections resulted in large pustules which produced both 
urediospores and teliospores. 
The collections of B. aristidoides and B. barbata, both from the 
Yaqui Valley and from New Mexico, were highly susceptible to infection. 
Pustules appeared in 12 to 14 days, 12 days when temperatures were 
constantly high in the greenhouse during the daytime, and one to two days 
later if temperatures were lower. Pustules could be found any place on 
the above ground parts of the plant, even the rachis of the spike. The 
pustules were first small, scattered and the typical rust color of most 
urediospores; later they enlarged tending to coalesce and form a line, or 
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Table 7. Infection studies on the telial hosts of P. stakmanii 
Grass Origin 
Infection 
rating Spores produced 
Bouteloua 
aristidoides 
Yaqui Valley highly suscep. urediospores & 
teliospores 
Bouteloua 
aristidoides 
New Mexico highly suscep. urediospores & 
teliospores 
Bouteloua 
barbata 
Yaqui Valley highly suscep. urediospores & 
teliospores 
Bouteloua 
barbata 
New Mexico highly suscep. urediospores & 
teliospores 
Cathestecum 
erectum Yaqui Valley mod. suscep. urediospores only 
Bouteloua 
curtipendula Iowa resistant none 
Bouteloua 
hir suta Iowa resistant none 
beaded pattern, between the veins of the leaf. As teliospores replaced 
the urediospores, the pustules took on a darker color, finally becoming 
black. 
Cathestecum erectum was quite readily infected by aeciospores of 
P. stakmanii , but the development of the fungus in this grass was much 
reduced over that in the previous two grasses. Appearance of pustules 
was 14 to 16 days after inoculation, about two days longer than in B. 
45 
aristidoides and B. barbata. The size of the pustules remained extremely 
small, and only urediospores were produced. 
Attempts to infect B. curtipendula and B. hirsuta, native to Iowa, 
were always negative. 
Penetration and infection of the cotton host 
Penetration of the cotton leaf by the germ tube of the basidiospore 
is direct. The technique used to study basidiospore penetration was to 
inoculate the leaf, allow sufficient time for the spores to infect, and then 
make a cellulose acetate-film impression of the leaf surface. This was 
an adaptation of Petersen's (1956) technique for observing stomatal pene­
tration by urediospores. 
The basidiospore germ tube was never found to grow along the surface 
of the leaf for any appreciable distance. This is in contrast to basidio­
spore germination on agar where the germ tube generally grew to a 
length several times the width of the spore (Fig. 17 ). In some cases 
the penetration of the cell appeared to be directly below the spore, but 
more often it was directly to one side (Fig. 20 ). Where spores fell upon 
stomatal guard cells, they would penetrate the cell rather than enter the 
stomatal opening (Fig. 19 ). 
The time from inoculation until the first pustules appeared on the 
leaf surface varied from five to nine days depending on temperature. In 
the field it was quite consistently five days; in the greenhouse it was five 
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days during the summer, but from seven to nine days during the winter. 
The first evidence of the pustule is the appearance of a pycnium just 
below the upper epidermis of the leaf; it appears to the eye as a tiny 
pale yellow dot. As the pustule develops other pycnia break through the 
upper epidermis in a circular pattern about the first. A few to several 
pycnia normally appear on the underside of the leaf as well. The tiny 
pycniospores are discharged from the pycnium in a sticky, aromatic 
honeydew which stands out as a small bead on the leaf surface. 
Aecia normally begin to be evident on the underside of the leaf about 
eight days after pycnia appear, or 13 to 14 days after infection. In the 
field, sterile pustules were seldom if ever found. In the greenhouse 
during the summer months when ventilators were open and insects 
numerous, sterile pustules were likewise rare; but during the winter 
months most all isolated pustules remained sterile if care was taken in 
watering not to wash the leaves. A small experiment of mated pustules 
was set up during that period when insects were negligible to demonstrate 
heterothallism. Seven leaves with a total of 58 pustules were chosen. 
Each pustule was well isolated from all others. A mate was then 
randomly chosen for some of the pustules. Twenty-two pairs were 
selected in all, leaving 14 pustules without mates. Nectar was then 
transferred from one mate to the other using one toothpick for each pair. 
The results were as follows: 
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Mated pairs - total 22: 
13 positive, both pustules with aecia 
8 negative, both pustules without aecia 
1 mixed, one with, other without aecia 
Non-mated singles - total 14: 
14 negative, all without aecia. 
Theoretically one should expect as many negative mating s as positive 
mating s if there are two types of pustules each requiring pycniospores 
from the other to produce aecia. However, the numbers used here are 
small and as great or greater divergence from the theoretical could be 
expected. The fact that the non-mated pustules remained sterile indi­
cates that contamination had little or no effect on the results. 
The aecia are formed with a peridium surrounding the spore chains 
on all sides. In the field, soon after the aecia break through the leaf 
epidermis the spore chains push off the dome of the peridia letting the 
spores escape. The lip of the peridium forms a cup typical of the form 
genus Aecidium (Fig. 14 ). In the greenhouse, the dome of the cup fails 
to break away and the spores remain incased by the peridium. The aecia 
continue to grow and may extend 2 to 3 millimeters below the surface of 
the leaf (Fig. 13 ). 
The leaf tissue shows little effect from the presence of the fungus 
beyond that area where actual pycnia and aecia are formed. Histological 
sections showed the mycelium to be in advance of the actual pustule 
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approximately 3 millimeters. The host cells were somewhat hyper-
trophied, but otherwise normal. Haustoria were evident within some 
cells. The host tissue within the actual area of the pustule was hardly 
recognizable. For the most part it was crushed or replaced by fungal 
hyphae. 
Necrosis of the leaf tissue only occurred where very heavy infection 
(one or more per square millimeter) had taken place. The fungus like­
wise failed to develop normally where heavy infection occurred. In fact, 
a noticeable reduction in the final size of the pustule could be discerned 
when more than 10 to 12 pustules were produced on the same leaf. Single 
pustules on young fast growing leaves sometimes reached a final diameter 
of more than one centimeter; even so, there was no necrosis of the leaf. 
In the greenhouse, some pustules continued to grow and produce aecia 
after three months; others which remained sterile still had active pycnia 
after the same period of time. 
Penetration and infection of the grass host 
Penetration of the grass leaf by germ tubes of urediospores or 
aeciospores is through the stomata. By means of the cellulose acetate-
film impression technique described in methods, the germ tubes were 
observed to grow along the surface of the leaf with no particular direction. 
They often branched and some spores were seen to have two separate 
germ tubes. Urediospore germ tubes measured as much as a full 
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millimeter in length. In spite of the vigorous growth of the germ tube 
and the relatively high occurrence of stomata, many tubes failed to reach 
a stomatal opening. In those cases where the stoma was encountered, an 
oblong appresorium formed over the opening. (Fig. 24) 
The first macroscopic evidence of infection on leaves of highly 
susceptible grasses was the appearance of tiny brown pustules breaking 
the epidermis. The time from inoculation to appearance of the pustule 
was between 12 and 14 days, depending on prevailing temperatures. 
Although pustules occurred on most all above ground parts, they appeared 
first and were more numerous on the leaves. 
The first spores produced in a pustule were always urediospores; 
however, free hand sections of newly erupted pustules showed that telio-
spores were already forming. Apparently only a single layer of uredio­
spores was formed, and all that followed were teliospores. One-week-
old pustules contained teliospores that gave every appearance of being 
mature. After approximately two weeks the pustules took on a dark color, 
finally becoming black, due to the predominance of teliospores. 
Bouteloua aristidoides and B. barbata are both very short-lived 
summer annuals. They have a comparatively small leaf surface, and 
the leaves are nonper si stent. Thus the leaf infections must serve mainly 
to produce urediospores for reinfection of other grasses. It is difficult 
to know the fate of the teliospores produced on the grass leaf, but it 
seems likely they play little part in the future cycles of the fungus. The 
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stems, on the other hand, are very persistent, and may last for one or 
two years under the conditions that prevail in northwestern Mexico. 
The stem infections produce the basidiospores which cause infection of 
the cotton host. 
Spore formation and germination 
Teliospores are the basic link between the disease on grass and the 
disease on cotton. Infection of cotton is only by basidiospores, but 
basidiospores are produced by the germinating teliospore. Because of 
the importance of teliospores in causing disease on cotton (the host of 
most economic importance), a critical study of its requirements for 
germination and production of basidiospores was made. 
The production of teliospores in the same pustule with urediospores 
is not uncommon in the macrocyclic rusts. In the majority of cases, 
however, there is a period in which only urediospores are produced; it 
is sometimes thought that a change in maturity of the host, or environ­
ment, is necessary to stimulate teliospore production. In P. stakmanii 
it was found that the production of teliospores is initiated almost at once, 
and only the very first spores are urediospores. It seems likely that 
this adaptation is a result of the very short life of the grass host, and 
the limited rainfall which falls in the indigenous area of this organism. 
Another place of variance between teliospores of P. stakmanii and 
others of the Puccinia group is their ability to germinate soon after 
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formation. A small test was devised to determine at what age teliospores 
were mature enough to germinate. Older spores, up to 18 months, were 
likewise included to determine whether or not their viability was still 
good. The method used was to suspend straws with teliospores in the 
top of a petri dish where they were kept wet by means of a paper wick; 
the bottom half of the dish was poured with 2 1/2 % water agar. These 
dishes were then incubated at 25°C. , and examined after 96 hours for 
basidiospores. No attempt was made to count the spores as the amount 
of telial material was variable, and the distribution of the basidiospores 
on the agar would vary from many just under the straw to none a few 
millimeters to one side. Spore production was registered as none (-), 
few (+), several (+ + ), many (+ + + ), and very many (+ + 44) .  Table 8 
summarizes the results of this experiment. 
Although the teliospores in two week old pustules appeared to be 
mature, they failed to germinate; at four weeks a few germinated; at six 
weeks several germinated; and at six months they germinated abundantly. 
This registered increase in teliospore germination from two weeks 
through six months could be interpreted as a slow ripening, or the 
remnants of a true dormancy which this organism possessed in the past. 
From the data in Table 8, one might conclude that there was a further 
ripening even after six months; however, it should be kept in mind that 
the six month old spores were produced in the greenhouse while the 18 
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Table 8. Maturity and viability of teliospores, measured by their ability 
to produce basidiospores 
Age of 
teliospores 
Origin of 
teliospores 
Place of storage 
or overwinter 
Basidiospore 
rating3 .  
2 weeks greenhouse greenhouse 
-
4 weeks greenhouse greenhouse + 
6 weeks greenhouse greenhouse + + 
6 months greenhouse greenhouse + + + 
18 months Yaqui Valley field + + + + 
18 months Yaqui Valley laboratory + + + + 
18 months Yaqui Valley refrigerator + +• + 
a 
Ratings were: no spores (-), few spores (+), several spores (<• + ), 
many spores (+ + + ), and very many spores (+ + + + ) 
month old spores were produced in the field. 
It is interesting to note that the dry, mature teliospores (18 month 
old spores) were little affected by temperature and humidity variations, 
at least for 18 months. Such longevity and tolerance to varied environ­
ments would be important in prolonging the period in which teliospores 
could survive in order to complete their cycle when favorable conditions 
returned. 
Teliospores were found to germinate at 25° and 30° C. but not at 
20° and 35° C. Temperature requirement determinations were made in 
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the following manner. Straws with teliospores were suspended in petri 
dishes over water agar, and kept moist with paper wicks. All entrants 
were incubated at room temperature (approximately 25° C. ) for the first 
18 hours. The dishes were then divided into six groups and placed at 
7°, 15°, 20°, 25°, 30° and 35° C. The bottom part of the dishes were 
changed every 12 hours for one with fresh agar. Readings on basidio-
spore discharge were made at the time the changes were made. Four 
categories were recorded, (-) no spores, (+) few spores, (•*• + ) several 
spores, (41 + ) many spores. Table 9 summarizes the data of this experi­
ment. 
Germination of the teliospores was sustained only at 25° and 30° C. 
There was some germination at 20° C, but this ceased after the first 12 
hours at this temperature. Below 20° and above 30° C. there was no 
germination. However, when these spores were moved to 25° C. , 
after 72 hours at their respective temperatures, they began to germinate 
almost immediately. There is an indication that 25° C. is nearer the 
optimum than 30° C. 
The mechanism which this spore form has for limiting spore germi­
nation to temperatures near 25° to 30° C. should be quite beneficial to 
the organism. Often in late winter moisture conditions prevail which 
would be quite optimum; however, this is the time of year when the aecial 
host is least apt to be present or receptive. At the other extreme, 
germination at temperatures above 30° C. would expose the small delicate 
Table 9. Temperature effects on teliospore germination as measured by basidiospore discharge 
Hrs. from 
initial wetting 
to reading 
Temperatures 
7° C. 15° C. 20° C. 25° C. 30° C. 35 ° C. 
24 hours 
36 hours 
48 hours 
60 hours 
72 hours 
84 hours 
96 hours 
108 hours 
120 hours 
132 hours 
144 hours 
to 25° C. 
+ + + 
+ + + 
discontinued 
to 25° C. 
+ + + 
+ + + 
discontinued 
+ •+ 
to 25° C. 
+ 44 
t + 4 
discontinued 
+ 44 
+  4 4  
* 4 4  
4  4 4  
4  +  4  
4 4  
4  
4  
+  
4  
to 25° C. 
4  4  
4 4  
discont inued 
- no basidiospores discharged 
4  a few basidiospores discharged 
*•+ several basidiospores discharged 
+ 44  many basidiospores discharged 
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basidiospore to conditions which could reduce its probability of surviving 
di s semination. 
Teliospores were never found to discharge basidiospores until after 
24 hours of wetting. However, basidia were often seen to have grown out 
from the spore after nine to ten hours (Fig. 15 ). Basidiospores were 
observed exterior to the basidium but still attached to the sterigmata after 
20 hours. Teliospores wet for 36 hours in a single leaf inoculator, and 
then moved over a leaf for 12 hours, were able to cause infection. This 
indicates that not more than 12 hours of high humidity are needed over the 
leaf once the basidiospore has reached the host. 
Basidiospores were noted to begin germination almost immediately 
after falling on water agar. In three hours the germ tube was approxi­
mately three times the width of the spore; and after 12 hours they reached 
their maximum length, varying from four to six times the width of the 
spores (Fig. 18 ). Basidiospores germinated nearly 100% on water agar. 
Viability of aeciospores and urediospores was lost quite rapidly in 
field or laboratory environments. Aeciospores produced in the field in 
July were 100% nonviable in October; and urediospores produced in the 
field in August were less than 1% viable in October when germinated on 
water. Aeciospores produced in the greenhouse could never be made to 
germinate more than 5%, and this only on 0.01N phosphate buffer solution. 
Urediospores produced in the greenhouse were highly viable, germinating 
approximately 85%. The germ tubes of aeciospores germinated on agar 
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were always smaller in diameter and never grew as long as uredio-
spore germ tubes. Such factors should influence the relative importance 
of these spore forms in disseminating this rust on the grass host if the 
same were true for spores produced in nature. 
s. 7, 8, 9 and 10. Reaction of Gossypium species to infection by 
cotton rust. (7) G. harknesii was mildly susceptible; mostly 
flecking of the leaves, a few pycnia and no aecia. (8) G. 
davidsonii was not highly susceptible to infection, but individual 
aecia were large. (9) G. hirsutum was very susceptible to 
infection, and aecia were large and abundant. Heavily infected 
leaves tended to fold, dry and eventually fall from the plant. 
(10) _G. aridum was highly susceptible to infection, but aecia 
were smaller. 
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Figs. 11 and 12. Young and old pustules of cotton rust on Acala 1517C. 
(11) Twelve days after inoculation (x .  75). (12) Ten weeks after 
inoculation (x .75). 
Figs. 14 and 14. Aecial development in the greenhouse and in the 
field. (13) In the greenhouse aecia were much extended and 
remained closed (x 7). (14) In the field aecia opened soon 
after they appeared on the leaf surface and never were greatly 
extended. 

Fig. 15. Teliospore after nine hours on a water film, with emerging 
basidium (x 600). 
Fig. 16. Germinated teliospore showing fully developed basidium, 
sterigmata (face of each basidial cell, and a basidiospore with 
germ tube (across basal cell of basidium) (x 300). 
Fig. 17. Basidiospores showing typical spore shape, and germ 
tube development on water agar (x 600). 
Fig. 18. Basidiospores on water agar, illustrating the mass of 
spores discharged from a small piece of inoculum (x 75). 
Figs. 19 and 20. Cotton leaf epidermal cells penetrated by 
basidiospore germ tubes. (19) Guard cell infection (germ 
tube left center of spore). (20) Epidermal cell infection 
(germ tube left center of spore). 
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Figs. 21 and 22. Telial pustules of P. stakmanii. (21) Pustules on leaf 
of B. barbata. (22) Pustules on stem of B. barbata (x 4). 
Fig. 23. Urediospore of P. stakmanii showing three equatorial germ 
pores (x 600). 
Fig. 24. Germinated urediospore with appressorium over stoma on 
leaf of JB. barbata (x 600). 
Fig. 25. Chain of aeciospores and connective cells of P. stakmanii 
(x 600). 
Fig. 26. Section through two week old cotton rust pustule showing 
pycnia on both surfaces (x 75). 
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DISCUSSION AND CONCLUSIONS 
Occurrence and Economic Importance of Cotton Rust 
The occurrence of cotton rust in commercial plantings of cotton has 
steadily increased since Taubenhaus (1917) first reported it to have 
caused losses in the Lower Rio Grande Valley. The one factor which 
has been basic to such an increase in cotton rust incidence is the 
expanded acreage of cotton in areas where the grass host is endemic. 
Although this may seem sufficient to explain the case, it is not so 
simple as it might appear. 
Puccinia stakmanii very likely is entirely dependent on aeciospores 
currently produced on the aecial host for reinfection of the grass host 
from year to year. This dependency is a result of the following factors: 
(1) the Bouteloua species most prominent as grass hosts are short­
lived summer annuals, (2) rainfall in areas where this disease occurs 
is so limited and restricted to certain seasons that any perennials which 
might be hosts would be inactive most of the year for lack of moisture, 
and (3) urediospores and aeciospores are not sufficiently durable to 
remain viable from one season to the next. Therefore, it remains only 
for the teliospores to carry the rust from one year to the next; the 
germinating teliospores produce basidiospores which infect the cotton; 
from these infections result the aeciospores which infect anew the grass. 
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The cotton rust organism must have had a difficult struggle for 
existence before modern man began to irrigate and plant the dry valleys 
and coastal plains of southwestern United States and northern Mexico to 
cotton. The wild Gossypium hosts are far from numerous; although the 
Indians of the region planted some cotton, the amount must have been 
quite insignificant. Add to this the moisture requirements of the telio­
spore for germination and the basidiospore for infection, plus the 
ability of the basidiospore to endure only very short distances of 
dissemination, and it becomes clear why cotton rust remained unseen 
for long periods. 
The weak link in the life cycle of the cotton rust fungus (Fig. 27) 
is obviously the transfer from the grass host to the cotton host. This 
weakness was originally aggrevated by scarcity of the cotton host; how­
ever, the present day practice of cultivating cotton in many scattered 
areas in southwestern United States and northern Mexico has served to 
alleviate this situation. The certainty now exists that some place each 
year inoculum, host and necessary environment for infection prevail. 
This means that each year aeciospores are produced to infect anew the 
grass host; environment for infection of this host is much less stringent 
than for the cotton host. Infections on the grass will produce urediospores; 
and these as well as the aeciospores can be spread over long distances to 
infect the grass in other areas. 
Infections on the grass invariably result in telial inoculum. It was 
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shown in this study that teliospores are tolerable to a variety of condi­
tions, and that they are viable for at least two years. One should expect 
that viable telial inoculum of the cotton rust fungus will be present continu­
ally in the affected areas of southwestern United States and northern 
Mexico. This means the only variable factor remaining for infection to 
occur is environment. The cotton rust disease may well become more 
important in the future. 
The economic importance of cotton rust as it affects large cultivated 
areas is not very great. The disease generally is limited to the peri­
meter of larger areas because the basidiospores, produced outside the 
area, can be disseminated only a few miles at most. The occurrence of 
inoculum within the cultivated limits of an area is generally limited to 
newly cleared or uncleared land. 
The Yaqui Valley had a cotton acreage of 80, 000 acres in 1956; 
approximately 15% of this area was significantly affected with cotton 
rust. Actual losses probably ranged from 85% in a few extreme cases 
to barely significant in others; the per cent of total crop loss due to rust 
for the entire valley appeared to be not more than two to three per cent. 
Estimated losses due to cotton rust for the State of Arizona in 1955 
and 1956 were less than one per cent of the total yield for either year 
(Cotton Disease Council, 1956 and 1957), even though these years were 
considered among the worst rust years recorded. One reason for such 
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a low total percentage loss in Arizona is because the majority of the 
cotton growing area is north of the limit where cotton rust normally 
occurs. 
The actual damage caused to a cotton crop affected with cotton rust 
depends not only on amount of infection, but on the state of the cotton 
plants and on the environment which prevails following infection, as 
well. Plants growing on good well tended land are able to withstand the 
effects of heavy infection with much less reduction in yield. The time 
from infection until that time when the developing fungus has materially 
reduced the functioning area of the leaf is approximately three weeks; a 
vigorous cotton plant will have produced considerable new leaf surface 
within this period of time. Unfortunately, too often the farms which 
form the margin of a cultivated area are among the poorest of that area. 
Cotton plants growing in weak soil tend to defoliate when heavily infected 
with rust, and do not respond with new growth. Losses may approach 
100% in cases of this nature. 
The prevailing environment following infection of the cotton leaf 
apparently has considerable influence on the development of the fungus. 
The disease which caused heavy losses in parts of the Yaqui Valley in 
1956 developed as the result of seven days of rainy, cloudy weather 
between June 23 and June 29. This week of damp weather was followed 
by two full weeks of dry, clear and hot days. The development of the 
fungus was rapid; and the pustules developed large and clean. A second 
period of rainy, cloudy weather developed between the 14th and 17th of 
July which resulted in infections more numerous than in the first case 
on the upper leaves; this concentration of infection on the upper leaves 
indicated that the wind which carried the basidiospores was less turbulent 
in the second case than in the first case. The 30 day period following the 
July infections consisted of 15 days in which at least some precipitation 
fell. There was never a period of more than three consecutive days of 
sunshine. The result was that the pustules soon after their appearance 
on the leaves took on an abnormal coloring, and looked as though they 
were parasitized; they remained small, produced few aecia and soon 
became necrotic. There was no apparent effect on the host plants. 
The experiment carried on during the summer of 1957 to determine 
the potential destructiveness of cotton rust was a case between the two 
reported ubove. Various rain showers occurred during the period 
following the artificially induced infections. The pustules that did 
develop were not as large as we re the ones in the early infections of 1956, 
and they were noticeably parasitized. A fungus tentatively indentified 
as Tuberculina persicina was isolated from parasitized aecia in Arizona 
(Berkenkamp and Streets, 1957). The implication is that P. stakmanii 
develops much more virulently on cotton in a dry atmosphere, and that 
damage to the host is relative to development of the fungus. 
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Control Measures for Cotton Rust 
Control of the cotton rust disease might be approached from a purely 
pathological angle, or it might be approached through breeding for 
resistance. The pathological approach would be of a more immediate 
nature, while the incorporation of resistance into desirable varieties 
would necessitate a long term program. 
A pathological control program would be based primarily on sani­
tation and application of fungicidal materials. The only mention made 
in the literature about control is the recommendation made by Presley 
and King (1943) that Bouteloua species be kept from growing in the cotton 
fields, and along ditch banks and fences. Such measures should have a 
local value in isolated cases similar to those described in the section, 
Field Observations, under the heading, Local infections; it is doubtful 
that sanitation, or destruction of the grass host, on a scale that would 
be effective as a general control measure would be practical. The 
prominence of the grama grasses, their annual habit and the nature of 
the terrain all argue against such measures. 
Fungicidal control of cotton rust could be very rapidly put into 
practice once effective materials were available and proper timing of 
applications had been worked out. The machinery for application of 
such materials would be no problem as insecticidal control programs 
demand that such equipment is ever-present in most cotton growing areas. 
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The most desirable fungicide would be an "eradicant' which would 
destroy the rust fungus once it was established and discernible. Various 
chemical companies are working with materials which have shown some 
eradicative activity particularly against rust fungi. A preliminary test 
made with some of these materials against cotton rust, and reported in 
this study, indicated that eradication of the cotton rust fungus once it 
is in the subepidermal tissues is not likely with the chemicals now avail­
able. 
Protective application of fungicides for control of cotton rust would 
be less acceptable to the farmer than eradication. This method would 
necessitate application of fungicides in anticipation of infections which 
might or might not occur. Moreover, such materials would have to be 
applied with some form of sticker to keep them from washing off the 
leaves when showers occurred. However, these restrictions do not 
eliminate protective fungicides as a possible means of control, and they 
should be considered in the search for a feasible method of combating 
this disease. 
The method most indicated for fungicidal control of cotton rust is 
the application of fungicides after basidiospores have been deposited 
on the leaves but before they have become well established. There are 
a number of relatively inexpensive and highly active fungicides that 
should be effective in such a program. A critical determination of how 
long the invading fungus is vulnerable to surface acting fungicides has 
7 2  
not been made. It was shown in this study that basidiospores can infect 
cotton with only 12 hours of incubation in the moist chamber; however, 
the fact that the fungus has penetrated the epidermal cell does not mean 
necessarily it has become immune to the action of fungicides on the leaf 
surface. Infection hyphae of Puccinia graminis were found only in epi­
dermal cells of the barberry leaf 48 hours after infection (Allen, 1930); 
and Yarwood (1950) showed that 3 to 5 day old infections of bean leaves 
by Uromyces phaseoli were completely suppressed by sodium sulphide 
at concentrations which caused no leaf injury. It seems reasonable to 
believe that some fungicides would give satisfactory control of cotton 
rust if applied within 48 hours of basidiospore showers. 
Once a suitable fungicide is found for controlling early infection of 
the cotton plant by the rust fungus, effective control can only be realized 
if basidiospore showers can be predicted, or detected as they occur. 
Two techniques reported here for studying basidiospore discharge, one 
on agar and the other on leaf surfaces, might be adapted for detecting 
spore showers in the field. 
A petri dish, or similar container, with a relatively thick layer 
(approximately 1/4 inch) of water agar (one to two per cent agar) placed 
in the cotton field would be the simplest and least expensive devices for 
detecting basidiospore showers. The plates would be put out only when 
weather conditions had existed which might be suspected of promoting 
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germination of teliospores. Examination of the plates probably should 
be every 12 hours as the agar would tend to dry, collect trash and 
eventually become overgrown with other fungi. Basidiospores on water 
agar appear under the microscope as shown in Figures 17 and 18. 
A second technique which might be employed to detect basidiospore 
showers is the cellulose acetate-film impression. This technique is 
described in the section on methods and will not be repeated here. More 
equipment and time would be required in using this method, but one 
might get an idea as to whether or not the basidiospores were actually 
infecting the cotton leaves. 
Breeding a variety of cotton resistant to the cotton rust fungus 
would be most ideal from the farmers' standpoint. However, a program 
designed for this purpose would face a number of problems: (1) cost of a 
long term project, (2) desirable cotton varieties must possess not only 
high yielding ability but must meet very stringent quality requirements, 
(3) both yield and fiber characters are complex in inheritance, (4) resis­
tance to cotton rust apparently exists only in diploid species while all 
commercial varieties in the United States are tetraploids, and (5) the 
fungus involved is a rust which may well have physiologic forms. 
Establishing a breeding program specifically for the purpose of 
developing a cotton variety resistant to rust would hardly be practical; 
but if programs now under way, in areas where rust is prevalent, were 
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reported by Presley and King (1943). They tested nine wild specie s 
and rated them all mildly susceptible with the exception of G. thurberi 
which was highly susceptible. Ten species were tested in this study 
(Table 6), eight of the same species tested by Presley and King. Four 
species were considered resistant (G. raimondii, G. anomalum, G. 
gossypioides and G. thurberi), one species mildly susceptible (G_. 
harknesii ), four species susceptible (G. aridum, G. davidsonii, G. 
armourianum, and G. stocksii) and one species was highly susceptible 
(G. klotzschianum). The fact that the test made in this study were 
made on mature plants while Presley and King used seedlings may 
account for much of the variation between the two tests. The extreme 
variation in the reaction of G. thurberi reported by Presley and King and 
that found here must have another basis. The occurrence of physiologic 
forms of P. stakmanii would be a feasible explanation. 
Sources of resistance to the cotton rust fungus are available in 
diploid species of Gossypium. The utilization of this resistance in 
American tetraploid species should be possible; interspecific crosses 
between tetraploid and diploid species are now being used in some cotton 
breeding programs. Further attention should be given to the possibility 
that physiologic forms of P. stakmanii exist which might complicate a 
breeding program. 
7 6  
SUMMARY 
Cotton rust caused by Puccinia stakmanii Presley was observed 
and studied in the field during the summers of 1956 and 1957 in the Yaqui 
Valley, Sonora, Mexico. Infection of the cotton in June of 1956 caused 
heavy crop losses in a zone bordering the desert foothills leading into 
the valley. The degree of infection gradually diminished until only 
trace amounts were found eight to nine miles inside the boundary of the 
valley. 
Telial hosts for the cotton rust fungus were principally Bouteloua 
aristidoides (H. B. K. ) Griseb. and B. barbata Lag. (Bouteloua arenosa 
Vasey). A minor host was found in a second genus, Cathestecum 
erectum Vasey and Hack. The telial inoculum occurred almost exclu­
sively outside the margin of the cultivated valley; in only a few inci­
dences did these grasses grow in the cotton fields or along field canals. 
Field studies with artificially induced rust infection on the cotton 
host were made during the summer of 1957. Yield reduction of approxi­
mately 40 per cent was realized from heavy infection. Disease develop­
ment was considered to be less severe in these tests than it had been in 
the summer of 1956; less favorable environment was thought to be the 
cause. It was concluded that disease losses would be much heavier with 
the same degree of infection if post-infection environment favored full 
development of the disease. 
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Preliminary fungicide control tests were run in which the material 
was applied after pustules appeared on the leaf surfaces. Indications 
were that eradication of the rust fungus at this stage of development is 
unlikely with fungicide materials now available. The phytotoxicity of a 
number of new fungicides, as well as older standard fungicides, were 
tested on cotton foliage. No significant influence on yield was found, 
although various materials caused visible leaf injury. 
Fourteen species of Gossypium were tested for susceptibility to 
infection by basidiospores of P, stakmanii. American tetraploid cottons 
(G. hirsutum and G. barbadense) were highly susceptible; Asiatic diploid 
cottons (G. arboreum and G. herbaceum) were resistant; and nine 
diploid wild species varied from resistant to highly susceptible (G. 
raimondii, G. gossypioides, G. anomalum and G. thurberi were resistant; 
G. harknesii was mildly susceptible; G. aridum, G. davidsonii, G. 
armourianum and G. stocksii were susceptible; and G. klotzschianum was 
highly susceptible. 
Infection of the cotton leaf by basidiospores was observed to be by 
direct penetration of the epidermal cells. Twelve hours incubation of 
the cotton leaf in a moist chamber was sufficient to promote infection. 
Pycnia appeared on the leaf surface 5 to 9 days after infection depending 
on temperatures. Aecia failed to develop in isolated pustules in the 
greenhouse when free of insects, but never failed to develop when pycnia 
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were cross fertilized with mixed pycnial nectar. 
Infection of the grass leaf by urediospores or aeciospores was 
observed to be through the stomata. Appearance of pustules on the leaves 
of highly susceptible Bouteloua species varied from 12 to 14 days depend­
ing on temperatures. Both urediospores and teliospores were produced 
in the same pustules, but the first were limited in number and were soon 
entirely replaced by the latter. Teliospores were found to be in the 
process of formation at the time the pustule broke the leaf epidermis; 
after two weeks they gave every appearance of being mature. 
Teliospores from two week old pustules would not germinate; 
however, at four weeks a few germinated, and the percentage germina­
tion increased until the sorus was six months old. Eighteen month old 
teliospores were still highly viable. Optimum temperature for telio-
spore germination was approximately 25° C. ; germination was inhibited 
at 20° C. and at 35° C. Basidia were observed to have grown out of the 
spores after nine hours wetting. Basidiospores were never discharged 
until after 24 hours wetting. Telial inoculum kept in a completely 
saturated atmosphere discharged basidiospores for approximately five 
days. 
Data and observations of this study indicate that cotton growing areas 
such as the Yaqui Valley in Sonora can expect the cotton rust disease to 
be a persistent problem in the future. Since the location and distribution 
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of the grass host make its elimination impractical, pathological control 
measures should depend principally on early destruction and eradication 
of the fungus before it becomes deeply established in the cotton leaf 
tissue. Cotton breeding programs being carried on in areas afflicted 
with this disease should attempt tc incorporate the resistance to cotton 
rust which exists in various diploid Gossypium species into suitable 
commercial varieties. 
8 0  
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to include as one of their objectives the introduction of resistance to 
cotton rust, many of the problems mentioned above would be solved. 
Inter-specific crosses are now being used in various cotton breeding 
programs, and it is possible that some of the crosses already made may 
possess resistance. 
No attempt will be made here to discuss further the problems 
and methods involved in cotton breeding; only a few points concerning 
the sources of resistance of P. stakmanii, and possible evidence for 
physiologic specialization of this rust fungus will be mentioned. 
Resistance to cotton rust apparently does not exist in the tetraploid 
species, Gossypium hirsutum (American upland cotton) and G. barbadense 
(Sea Island and American-Egyptian type cottons). Forty-five varieties 
from the two species mentioned above were tested by Presley and King 
(1943), and all were highly susceptible; ten varieties (including 5 not 
tested by Presley and King) were tested in this study, and all were highly 
susceptible. Resistance does occur in the Asiatic cultivated cottons 
(diploids). Two of three varieties of G. arboreum were found resistant 
by Presley and King, while the third variety was considered mildly 
susceptible. One variety each of G. arboreum and G. herbaceum tested 
here failed to become infected when inoculated with the cotton rust fungus. 
The disease reactions found in this study for a number of wild, 
diploid Gossypium species was considerably different from the reactions 
